
 

3. Objective function   
 
The objective function of the linear program of WinDS is to minimize the following costs: 

Capital costs of new wind plants  
+ Operating costs of all wind generation (including forecast/bidding penalties) 
+ Cost of transmission of wind (old and new lines) 
+ Cost of storing wind power 
+ Capital cost of new conventional plants  
+ Fuel and operating costs of conventional generation 

 + Cost of spinning reserve  
 + Cost of interruptible loads  
 
In equation form with explanatory notes in [brackets]: 
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Where: 
E is the evaluation period (years) over which all investments are considered 
CWc is the capital cost of class c wind ($/MW) (see equation in Financial Parameters 

section) 
cslopec,i is the average slope of the terrain at class c sites in region i 
cslopeWcostfactor is the fractional increase in wind capital cost per degree of 

topographical slope 
cslopeTcostfactor is the fractional increase in new transmission line capital cost per 

degree of topographical slope 
CWOMc is the present value over the evaluation period (E) of the operating costs 

(variable and fixed) for a class c wind machine ($/MWh for E years) (see equation 
in Financial Parameters section) 

CWOMcofsc is the present value of E years of fixed and variable operating costs for 
class c shallow offshore wind including production tax credits 

CWOMcofdc is the present value of E years of fixed and variable operating costs for 
class c deep offshore wind including production tax credits 

classc,i is the binary parameter that indicates whether class c onshore wind in region i that 
uses existing (at the start of the analysis time frame) transmission is the best 
onshore wind to consider in this time period 

classTc,i is the binary parameter that indicates whether class c onshore wind in region i 
that uses new (installed in this time period) transmission is the best onshore wind 
to consider in this time period 

classofdc,i is the binary parameter that indicates whether class c deep offshore wind in 
region i that uses existing (at the start of the analysis time frame) transmission is 
the best deep offshore wind to consider in this time period 

classofsc,i is the binary parameter that indicates whether class c shallow offshore wind in 
region i that uses existing (at the start of the analysis time frame) transmission is 
the best shallow offshore wind to consider in this time period 

classTofdc,i is the binary parameter that indicates whether class c deep offshore wind in 
region i that uses new (installed in this time period) transmission is the best deep 
offshore wind to consider in this time period 

classTofsc,i is the binary parameter that indicates whether class c shallow offshore wind 
in region i that uses new (installed in this time period) transmission is the best 
deep offshore wind to consider in this time period 

Cgridconnect is the cost of the substation and other expenses related to connecting to the 
grid, not including any transmission line builds ($/MW) 

TOCost is the cost for wind to use existing transmission lines ($/MWh-mile) 
TNCost is the cost of new transmission lines ($/MW-mile) 
TNWCost is the cost to build a new transmission line ($/MW-mile) 
TOWCost is the cost of wind transmission on existing lines ($/MWh-mile) 
WR2GPTSofdc,i,wscpofd is the cost ($/MW) of building transmission interconnect to the 

grid for class c deep offshore wind resource in region i in supply curve step 
wscpofd 

WR2GPTSofsc,i,wscpofs is the cost ($/MW) of building transmission interconnect to the 
grid for class c shallow offshore wind resource in region i in supply curve step 
wscpofs. 



 

disi,j is the distance between wind supply region i and demand region j (miles) 
POSTSTWCOST is the cost to transmit into or across a PCA on existing transmission 

lines ($/MW-PCA) 
PostStampi,j  is the number of PCAs that must be crossed to transmit from wind supply 

region i to demand region j 
CFc is the capacity factor for new onshore wind at a class c site 
CFcofdc is the annual capacity factor of new deep offshore wind systems of class c in the 

time period being run 
CFcofsc is the annual capacity factor of new shallow offshore wind systems of class c in 

the time period being run 
MW_inregion_disc,escp,j is the levelized cost from the escp step of the supply curve for 

the cost of building a transmission line within region i from a class c onshore 
wind site to a load center  

MW_inregion_disofdc,escpofd,j is the levelized cost from the escpofd step of the supply 
curve for the cost of building a transmission line within region i from a class c 
deep offshore wind site to a load center  

MW_inregion_disofsc,escpofs,j is the levelized cost from the escp step of the supply curve 
for the cost of building a transmission line within region i from a class c shallow 
offshore wind site to a load center  

RPSSCost is the penalty imposed on utilities for not meeting the national RPS 
requirement 

RPS_Shortfall is the variable for the additional amount of wind generation needed to 
meet the national RPS requirement beyond that supplied 

ST_RPSSCoststates is the penalty imposed on utilities for not meeting the RPS 
requirement in “states” 

ST_RPS_Shortfallstates is the variable for the additional amount of wind generation 
needed to meet the RPS requirement beyond that supplied in “states” 

IWSurplusc,i,in is the fraction of wind from a class c site in region i that is supplied to 
interconnect in that cannot be used because there is excess generation (see Wind 
Intermittency Parameters section) 

cpopc,i is a multiplier on the capital cost of transmission lines for wind to account for 
increased siting/land costs in highly populated areas. The value varies between 1 
and 2 as a linear function of population density in the vicinity of class c wind sites 
in region i. 

WR2GPTSc,i,wscp is the cost to build transmission from the class c wind site in region i to 
the closest available grid transmission capacity ($/MW) (see Appendix D, GIS 
Calculations.) 

CCH2technology name is the capital cost of the storage (hydrogen) technology ($/MW or 
$/unit stored energy) 

CAOMHtechnology name is the present value over the evaluation period of the variable 
operating cost (including any production tax credit) of the storage (hydrogen) 
technology ($/MWh or $/unit stored energy) 

CfixOMHtechnology name is the fixed operating cost of the storage (hydrogen) technology 
($/MW-yr or $/unit stored energy) 

CHEFFtechnology name is the efficiency of the storage (hydrogen) technology (units 
out/units in) 



 

hf_inregion_costc,hscp,j is the cost associated with step hscp for the shipment of hydrogen 
from a class c wind site within region i to a city within the region  

ind_elec_adder is the additional cost beyond the wholesale cost for delivering grid 
electricity to distributed electrolyzers and electrolyzers at the wind site 

h2stored_summerdayi is storage (e.g., hydrogen storage) capacity required to meet the 
on-peak operation of the fuel cells at wind sites in region i 

H2PRICE is the price that hydrogen will receive in the marketplace in this time period 
H2energy is the annual production of energy for storage (e.g., hydrogen storage)   
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H2energy_summerday is the energy produced for storage (e.g., hydrogen storage) 
during a summer day  
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where numhoursummer is the number of hours in June – August 
summerdays is the number of days in the summer (= numhoursummer/24) 
carbtaxmax is the ultimate carbon tax level once the tax has been fully phased in ($/ton 

carbon) 
 ctaxdiscsum is the multiplier to convert annual cost of carbon to present value cost over 

the evaluation period 
CGelectrolyzerhebp is the difference between the price and cost of the technology for 
converting power to stored energy in growth bin hebp ($/MW) 
CGfuelcellhfcbp is the difference between the price and cost of the technology for 

converting stored energy to power in growth bin hfcbp ($/MW) 
TPCA_CGtpca_g is the difference between the price and cost of transmission in 

transmission growth bin tpca_g ($/MW-mile) (see the Financial Parameters 
section) 

CGg is the increase in turbine price over cost in growth bin g due to rapid growth in wind 
deployment ($/MW) (see the Financial Parameters section) 
CGinstginst is the increase in wind installation price over cost in growth bin ginst, due to 
rapid growth in wind deployment ($/MW) (see the Financial Parameters section)  
Hm is the number of hours in a year in time slice m 
CCONVq is the present value of the revenue required to pay for the capital cost of one 

MWof capacity of generating technology q ($/MW) including interest during 
construction, finance and taxes (see the Financial Parameters section) 

CCONVFq is the present value over the evaluation period of the fixed operating costs for 
conventional technology q ($/MW-yr) (see the Financial Parameters section) 

CCONVVn,q is the present value over the evaluation period of the variable operating and 
fuel costs for conventional technology q in PCA n ($/MWh) (see the Financial 
Parameters section) 

PCOSTFRACq is the multiplier on the operating costs of technology q for use as a 
peaker (i.e. when the generation in the diurnal peak period exceeds the average 
generation in the diurnal shoulder periods)  

coallowsulincostr additional cost of low-sulfur coal (relative to high-sulfur coal) ($/Mbtu) 
Ecostescaln,q  is the annual real price escalation of fuel used in PCA n by technology q 



 

cur_year is the calendar year of the last year of the current 2-year period 
cheatrateq is the heat rate for technology q (MBTU/MWh) 
PVAname,d,E,n  is the present value factor for fuel for technology q in PCA n escalating 

over time (see derivation in the Financial Parameters section) 
CONVpol(pollutant)q is the emissions of pollutant (pounds per MWh) 
Carboncost is the cost of carbon emissions ($/pound carbon) 
CCTn,p is the present value over the evaluation period of the cost per MWh of 

transmission between PCAs n and p ($/MWh) (see the Financial Parameters 
section) 

CSRVn,q is the present value over the evaluation period of the cost of spinning reserve in 
PCA n ($/MW-hour) of type q (see the Financial Parameters section) 

CILn  is the present value over the evaluation period of the base cost of interruptible load 
in PCA n ($/MWh) 

CILilg is the present value over the evaluation period of the cost of interruptible load in 
bin ilg ($/MWh), i.e. of higher levels of interruptible load use. 

CQS is the cost to modify a generation plant for fast-start-capability to provide additional 
operating reserve ($/MW) 
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